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Description 

Background of the Invention 

[0001] The invention relates generally to an s 
improved cutting tool having radially expandable cutter 
arms for cutting well casing, and more particularly to 
improved cutting blades on the outer end of the radially 
expandable cutter arms for engaging the inner periph- 
ery of the well casing in cutting relation. io 
[0002] Heretofore cutting tools have been provided 
for cutting the inner periphery of well casing and having 
a cutter body with cutter arms pivotally mounted within 
slots in the cutter body for movement in a radial direc- 
tion between a retracted position for lowering the tool is 
within the well casing, and a radially expandable 
extended position in cutting contact with the inner 
periphery of the well casing. The lower end portions of 
the cutter arms have also been formed heretofore with 
blades having cemented carbide cutting fragments or 20 
chips secured thereto and forming the cutting edge. 
[0003] For example, U S Patent No 3,33 1 .439 dated 
18 July 1967, shows a cutting tool having pivotally 
mounted cutter arms thereon with l3lades on the lower 
ends thereof formed with hard cutting material embed- 2S 
ded therein. Likewise, US Patent No 2,859,943 dated 
1 1 November 1958 shows a cutting tool for well casing 
having pivoted outer arms with cutter blades thereon 
having embedded carbide cutting fragments or chips for 
forming the cutting surface. US Patent No 3.195,636 30 
dated 29 July 1965 shows a similar cutting tool with a 
pivoted cutter arm and a matrix material bonded to the 
cutting face of the arm and having embedded cutting 
elements. 

[0004] Prior cutting tools such as shown in the 35 
above patents, when utilized for cutting a well casing, 
such as a forty-eight (48) inch (1 22 cm) diameter casing 
having a wall thickness of one and one-half (1-1/2) inch 
(3.8 cm), for example, have required around four or five 
hours in which to complete the cutting operation. 4o 
[0005] EP-A-0231 989 discloses a cutting tool which 
is utilized generally with milling tools for cutting and 
removal of casing progressively from the upper end of 
the casing and employs cutting blades having their 
lower ends tilted rearwardly relative to their upper ends 45 
in the direction of rotation. A plurality of hard carbide 
cutting elements are secured to the leading surfaces of 
the blades and form planar cutting surfeces. 
[0006] US-A-2 940 522 discloses a tool to cut 
trough and mill a section of a well casing in accordance so 
with the preamble of claim 1 herein. 
[0007] Accordir^ to one aspect of the present 
invention there is provided a cutting tool rrK)unted for 
rotation within a well for cutting a casing therein during 
rotation and comprising: ss 

a tutxilar cutter body having a longitudinally extend- 
ing slot therein and adapted to be connected to a 



well string for being lowered within a well and being 
surrounded by casing to be cut; 
an elongate cutter arm received within said slot and 
having cutting means adjacent its lower end; 
means on the cutter body mounting the upper end 
portion of said cutter arm in said slot for pivotal 
movement to permit the outward swinging move- 
ment of said cutting means into cutting contact with 
the inner periphery of the adjacent casing to be cut; 
and 

characterised in that said cutting means includes a 
pair of substantially similar cutting blades mounted 
In parallel relation, each blade being inclined rear- 
wardly with respect to the rotational axis of said cut- 
ting tool, with said cutting means including at least 
one base having a leading surface with respect to 
the rotational axis of said cutting tool during the cut- 
ting operation; 
and 

a plurality of cutting inserts of a predetermined size 
and shape are secured in a predetermined pattern 
to said leading surface of said t>ase, each of said 
cutting inserts having an exposed front cutting face, 
an opposed rear face secured to the leading sur- 
face of said base, and a peripheral surface extend- 
ing between said faces defining a relatively sharp 
cutting edge at the juncture of the peripheral sur- 
face and front face; 

said cutting inserts being positioned in closely 
spaced side-by-side relation to each other on the 
leading surface of the cutting means in a plurality of 
closely spaced parallel rows extending generally 
outwardly from the axis of rotation and in a plurality 
of closely spaced parallel rows extending generally 
along the axis of rotation, with the front faces and 
associated cutting edges of the lowermost cutting 
inserts defining a lower generally continuous cut- 
ting surface which is progressively worn away dur- 
ing the cutting operation. 

[0008] One ennbodiment of a cutting tool of the 
present invention has improved cutting blades on the 
outer ends of the radially expandable cutter arms with 
such cutting blades having a leading planar cutting sur- 
face with respect to the axis of rotation of the tool to 
define a cutting and/or milling edge at its radially outer- 
most surfaces, the lower end of the leading planar cut- 
ting surface both inclined reanivardly with respect to the 
respective upper end of the leading planar cutting sur- 
face thereby to present an inclined cutting surface 
engaging the casing in cutting relation. The \oase of the 
blade has a plurality of hard carbide cutting elements or 
inserts mounted thereon in closely fitting relation to 
each other in a plurality of adjacent rows to form the pla- 
nar cutting surface, and both the blade base and the 
carbide inserts are progressively worn away from their 
outermost surfaces as the cutting operation progresses. 
The hard carbide inserts which are of a rectangular 
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cross section have generally parallel planar front and 
rear faces and the side surface between the front and 
rear faces are Inclined with respect to the rotational axis 
of the cutting tool to provide a so-called negative rake 
thereby to increase the cutting effectiveness and effi- 5 
ciency of the cutting blades during the cutting operation. 

[0009] It is noted that the side surfaces between the 
planar front and rear faces of the inserts extend at right 
angles or perpendicularly to the planar faces. Thus, 
upon the fonvard tilting of the upper end of the blade 10 
with respect to the direction of rotation, the side or dr- 
cumferential surface of the inserts are tilted an amount 
with respect to the direction of rotation the same as the 
amount of tilting or inclination of the planar leading sur- 
face of the blade. Further, the plurality of hard carbide is 
cutting elements, such as cylindrical discs, are arranged 
in staggered rows on the leading face, to present a min- 
imum bearing surlace against the casing while allowing 
the relatively small staggered caibide discs or cutting 
elements to continually expose a fresh cutting edge as 20 
the cutting operation progresses thereby to perform the 
cutting action in a minimum of time. As an example, uti- 
lizing the present invention with a pair of parallel spaced 
cutting blades on each of the cutter arms, a forty-eight 
(48) inch (122 cm) diameter casing having a wall thick- 25 
ness of one and one-half (1-1/2) inches (3.8 cm) was 
cut in less than one hour as compared with previous 
cutting tools and cutting methods taking around four (4) 
hours or more in which to complete the cutting opera- 
tion. 30 
[0010] One embodiment of this invention is directed 
to a radially expanding cutter arm having a reversible 
blade on its end including generally parallel planar lead- 
ing surfaces so that upon wear of the leading surlace, 
the blade may be removed from the cutter arm and 35 
reversed (rotated 180°) with the initial trailing surface 
then becoming the new leading surface upon reversal 
thereby to present a new cutting surface to the casing 
being cut. Such a reversible blade increases the life of 
the blade particularly when the blades are tilted or 40 
Inclined with respect to the rotational axis of the cutting 
tool. 

Another embodiment of this invention provides an 
improved cutting blade having a plurality of hard carbide 
cutting elemtns or inserts mounted in closely fitting rela- 45 
tion to each other in adjacent rows on the leading face 
of the blade to form a leading planar cutting surface. 
The inserts have generally parallel planar front and rear 
faces with their rear faces secured to a blade base and 
their front faces forming the planar cutting surface. The so 
circumferential side surface of the inserts between the 
parallel faces extends along a longitudinal axis gener- 
ally at right angles to the planar cutting surface and 
being of a relatively small diameter thereby to continu- 
ally present sharp edges from adjacent successive car- ss 
bide inserts as the carbide inserts are progressively 
worn away from their radially outermost surfaces as the 
cutting operation continues. The hard carbide inserts 



are secured such as by brazing to the adjacent surface 
of the blade and form the cutting edge which digs or 
bites into the inner peripheral surtoce of the surrounding 
casing to be cut. 

[0011] The invention will be described now by way 
of example only, with particular reference to the accom- 
panying drawings. In the drawings: 

FIGURE 1 is a longitudinal sectional view, partly in 
elevation, showing a cutting tool comprising one 
embodiment of the present invention positioned 
within a well casing with pivotally mounted cutter 
arms shown in a radially retracted position for being 
lowered within the well casing for engaging the 
inner periphery of the casing; 
FIGURE 2 is a fragmentary view of FIGURE 1 but 
showing the cutting tool with its pivotally mounted 
cutter arms in a radially expanded position with the 
cutting blades thereon in cutting contact with the 
inner periphery of the casing; 
FIGURE 3 is a perspective view of the lower end of 
the cutting arm showing the improved cutter blades 
mounted thereon; 

FIGURE 4 is a front elevation showing the leading 
planar surface of the blade mounted on the lower 
end of the cutter arm in cutting contact with the 
inner periphery of a casing to be cut 
FIGURE 5 is a section taken generally along line 5- 
5 of FIGURE 4: 

FIGURE 6 is a bottom plan view of the cutter blade 

forming the present invention looking generally 

along line 6-6 of FIGURE 4; 

FIGURE 7 is a side elevation of the cutter blades 

forming the present invention looking generally 

along line 7-7 of FIGURE 4; 

FIGURE 8 is an enlarged side elevational view of a 

cylindrical carbide disc mounted on the base of the 

cutter blade; 

FIGURE 9 is a front elevation view similar to FIG- 
URE 4 but showing the cutter blades in a worn con- 
dition; 

FIGURE 10 is an exploded view showing the lower 
end of the cutter arm and a blade removed from the 
cutter arm with the carbide discs forming the planar 
cutting surface of the blade; 
FIGURE 1 1 is a front elevation of another embodi- 
ment of the invention showing a modHied cutter arm 
and blade particularly adapted for cutting a plurality 
of concentric casing strings; 
FIGURE 12 is a section taken generally along line 
12-12of FIGURE 11; 

FIGURE 13 is a bottom plan of the modified cutter 
arm looking generally along line 13-13 of FIGURE 
11; 

FIGURE 14 is an elevational view, partly in section, 
of a further embodiment of a cutting tool of this 
Invention in which expanding cutter arms are pivot- 
ally mounted on a combined cutting and milling tool 
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for first cutting the casing and then milling away a 
casing section progressively from the upper annular 
end of the cut casing; 

FIGURE 15 is a side elevation of a radially expand- 
able cutter arm of the embodiment in FIGURE 14 
shown removed from the cutting tool; 
FIGURE 16 is an end elevation of the radially 
expandable arm shown In FIGURE 15 showing the 
leading cutting surface of the blade inclined rear- 
wardly from its upper end with respect to the direc- 
tion of rotation; 

FIGURE 17 is side elevation, partly in section, 
showing an additional embodiment of a cutting tool 
of this invention in which a combined cutting and 
milling tool is illustrated having a plurality of blades 
mounted on the lower end of a cutter arm and 
showing the cutter arms in a retracted position; 
FIGURE 18 is a view of the embodiment shown in 
FIGURE 17 but showing the cutter arms in a radi- 
ally expanded position; 

FIGURE 19 is an enlarged side elevation view of a 
cutter arm removed from the cutting tool of FIGURE 
18 and showing a plurality of cutting blades forming 
the present invention; and 
FIGURE 20 is an end elevation of the cutter arm 
shown in FIGURE 19. 

Description of the Invention 

[0012] Referring now to the drawings for a better 
understanding of this invention, and more particularly to 
FIGURES 1 and 2, a well casing is shown at 10. A drill 
string is indicated generally at 12 and has its lower 
threaded end 14 in threaded engagement with the 
upper end of an upper sub 16 defining a central bore 18 
to receive drilling fluid through drill string 12 from a sur- 
face location. A lower threaded end 20 of upper sub 16 
is received in threaded engagement within the upper 
end of a cutting tool generally indicated at 22. 
[0013] Cutting toot 22 has a tubular cutter body 24 
forming a central bore 26 in which fluid pressure 
responsive means indicated generally at 28 is housed 
and is responsive to flowing drilling fluid from drill string 
12 for hydraulic actuation as will be explained further. 
Cutting tool 22 has a lower reduced diameter portion 30 
with a lower internally threaded end 32. Three longitudi- 
nally extending slots 34 are circumferentially spaced 
about the periphery of tubular cutter body 24 adjacent 
reduced diameter portion 30 and receive elongate cut- 
ter arms 36 of a generally rectangular cross-section 
having a longitudinal axis 37. Each elongate arm 36 has 
an upper end portion 38 pivotally mounted by a pin 40 to 
cutter body 24 and a lower downward extending end 
portion 42. A tang or extension 44 extends upwardly 
from upper end portion 38. Elongate arms 36 are free 
for pivoting between the retracted position shown in 
FIGURE 1 for lowering within casing 10. and a radially 
expanded or extended position as shown in FIGURE 2 



in which lower end portions 42 of arms 36 are swung or 
moved radially outwardly into cutting contact with the 
periphery of casing 10 to be cut. 

[0014] Wells may have several concentric casing 

5 strings which are to be cut so that the length of arms 36 
and the amount of pivotal movement is preselected 
depending on the number and spacing of concentric 
casing strings to be cut. The embodiment of the inven- 
tion shown in FIGURES 1-10 is particularly adapted for 

10 cutting a single casing string, but the enrixxJiment 
shown in FIGURES 1 1 -1 3 is adapted for cutting a plural- 
ity of concentric casing strings, if desired. In the cutting 
of a single casing string the cutting operation is normally 
accomplished in a single trip within the well by directing 

IS drilling fluid under pressure from the surface through 
well string 12 and by rotating well string 12 and cutting 
tool 22 with cutter arms 36 pivoted into a radially 
expanded position into cutting contact with the periph- 
ery of casing 10 to be cut. The pivotal connections 

20 between arms 36 and cutter body 24 are designed so 
that the connections are sufficient to transmit the torque 
required to accomplish the cutting of casing 10. 
[0015] For moving lower end portions 42 of cutter 
arms 36 radially outwardly into expanded cutting 

25 engagement with casing 10, fluid pressure responsive 
means generally indicated at 28 includes a piston 46 
mounted within cutter body 24 and continuously urged 
upwardly by spring 48. A pair of spaced fbw restrictions 
or orifice rings are provided at 50 and are sized to pro- 
do vide a restriction to the downward flow of drilling fluid. 
An indicator 52 adjacent upper orifice ring 50 has a plu- 
rality of ports 54 therein and when a predetermined fluid 
pressure differential is reached, piston 46 moves down- 
wardly contacting tangs 44 to pivot cutter arms 36 out- 

35 wardly radially into cutting engagement witii casing 10. 
When cutter arms 36 are pivoted outwardly to radially 
extended position in contact with casing 10, a 
decreased fluid pressure differential is indicated at the 
surface so that an operator is aware that cutter arms 36 

40 are in expanded cutting engagement with ttie inner 
periphery of casing 10 to be cut. 
[001 6] Forming an inportant part of this invention is 
the improved cutting blade assembly indicated at 57 
mounted on the lower end of each cutter arm 36. Cutter 

45 blade assembly 57 includes a pair of substantially iden- 
tical blades 58 and 60. For the purposes of simplifica- 
tion, the same numerals for similar elements of blades 
58 and 60 are employed. Cutter arm 36 has a pair of 
slots or grooves 62 and 64 formed in the end of lower 

so end portion 42. Grooves 62 and 64 define a pair of con- 
tiguous bifurcations which form a common center prong 
or finger 66 and a pair of end prongs or fingers 68 and 
70 on opposite sides of finger 66. Fingers 66, 68 and 70 
have transversely aligned openings 72 therein. Blades 

55 58 and 60 have shanks 74 received within grooves 62 
and 64 and a pair of openings 76 in shanks 74 are trans- 
versely aligned with openings 72 in fingers 66, 68, and 
70. Suitable nut and bolt combinations generally indi- 
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cated at 78 are received within transversely aligned 
openings 72 and 76 for securing blades 58 and 60 
within slots 62 and 64. 

[0017] Each blade 58, 60 has a base 80 having a 
planar front face or surface 82 and a generally parallel s 
planar rear face or surface 84. Front surface 82 forms a 
leading surface facing the direction of rotation and sur- 
face 84 forms a trailing surface with respect to the direc- 
tion of rotation. Blade 58 diverges from shank 74 to form 
a generally triangular shape as viewed in front elevation io 
looking at planar front face 82 and has radially spaced 
inner and outer apices 86 and 88 defining inner and 
outer surfaces. The radially outermost surface formed 
by apex 88 defines the cutting edge engaging the inner 
periphery of casing 10 in cutting relation. is 
[0018] With respect to the longitudinal axis 37 of 
elongate arm 36, blade 58 has an upper end 58A, a 
lower end 58B, an inner sloping side 580, and an outer 
sloping side 58D. Outer side 58D is positioned adjacent 
the casing 10 to be cut. Lower end 588 has a portion 20 
thereof cutaway or notched to form notched surfaces 
58E. 

[0019] Referring particularly to FIGURES 6, 7, and 
10, finger 68 defines an outer surface 68A and an inner 
surface 688. finger 70 defines outer surface 70A and 25 
inner surface 708 and center finger 66 defines opposed 
surfaces 66A and 668. With respect to the radially out- 
ermost side of arm 36, finger 68 tapers upwardly and 
finger 70 tapers downwardly to provide an increased 
thickness of finger 68 at its tower end and a decreased so 
thickness of finger 70 at its lower end. With respect to 
the direction of rotation the lower end 588 of blade 58 is 
tilted reanwardly with respect to upper end 58A at an 
angle A as shown In Figure 7. Angle A is of an optimum 
around five (5) degrees with an optimum range between 3S 
around one degree (I"") and fifteen (15) degrees . Under 
certain conditions of use, an angle A as high as twenty 
(20) degrees will function adequately. 
[0020] Mounted on planar leading surface 82 adja- 
cent apex 88 and on planar trailing surface 84 adjacent 40 
apex 86 are a plurality of hard carbide cutting elements 
or inserts comprising cylindrical carbide discs or buttons 
90 secured by suitable brazing or the like to the planar 
faces 82 and 84 of base 80. Inserts or discs 90 are pref- 
erably arranged in staggered rows extending from 45 
apexes 86 and 88 with the outer two rows having, for 
example, seven and six discs, respectively, as shown 
generally in Figure 2. A third row has two discs 90 
therein. A disc 90 which has been found to function in a 
satisfactory matter has a thickness of three sixteenths so 
(3/16) inch (4.8 mm), a diameter of three eighths (3/8) 
inch (9.5 mm), and is sold under the name "Sandvik 86" 
by the Sandvik Company, located in Houston, Texas. 
[0021 ] Each cylindrical disc 90 has a front face 90A 
which forms a cutting face for leading face 82 and an 55 
opposed rear face 908 which is flush with supporting 
base 80 and brazed thereto. A cylindrical surface 900 
connects faces 90A and 908 and extends along a line or 
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longitudinal axis at right angles to the planar front and 
rear faces 90A and 908. An annular cutting edge 90D 
formed at the juncture of front face 90A and cylindrical 
surfece 90O digs or bites Into the Inner peripheral sur- 
face of casing 10 in cutting relation as shown in FIG- 
URE 2. Front faces 90A of discs 90 form the leading 
cutting surfaces on blade 58 and extend at angle A with 
respect to the axis of rotation as shown in Figure 7 
thereby to provide a negative rake for faces 90A and 
annular cutting edges 90D. As a result of the tilting of 
the leading cutting surface of blades 58 and 60 with 
lower ends 58B rearwardly of upper ends 58A with 
respect to the direction of rotation, the cylindrical or 
annular surface 90O of each disc 90 has its longitudinal 
axis arranged at an angle 8 with respect to the trans- 
verse axis of elongate arm 36. Angle 8 is equal to angle 
A since annular surface 900 extends along a longitudi- 
nal axis at right angles to faces 90A and 908. Thus, the 
sharp annular cutting edge 90D Is presented to the 
inner periphery of casing 10 to be cut during the initial 
contact of carbide discs 90 with casing 10. It is to be 
understood that any void areas formed between discs 
90 will be filled in during the bracing operation, such as 
with a nickel silver compound. Thus, a relatively smooth 
uninterrupted planar leading cutting surface is provided 
by the plurality of discs 90. 

[0022] When the cutting operation Is commenced 
with an unused or new carbide disc 90, a sharp edge 
90D initially contacts the inner periphery of the casing to 
be cut. Upon wear of blades 58. 60 as the cutting oper- 
ation progresses, successive carbide discs 90 and cut- 
ting edges 90D are continually presented to the inner 
periphery of casing 1 0 since discs 90 with annular cut- 
ting edges 90D are staggered in three rows and the 
wear continues progressively from the radially outer- 
most surfaces of blades 58 and 60. The sharp cutting 
edge 90D of disc 90, not the entire width of cylindrical 
surface 90O. is initially in contact with casing 10 since 
surface 90C has a negative rake as defined by angle 8. 
[0023] Referring particularly to Figure 6, outer side 
58D of blade 58 is positioned rearwardly of inner side 
580 with respect to the direction of rotation as Indicated 
at angle 0 and this likewise tilts cylindrical surface 900 
of disc 90 so that a greater portion of annular cutting 
edge 90D of disc 90 is presented at an angle with 
respect to casing 10. Angle 0 Is preferably the same as 
angles A and 8. 

[0024] Hard carbide disc 90 has a thickness indi- 
cated at D in Figure 6 of three-sixteenths (3/16) inch 
(4.8 mm), The thickness of base 80 of blade 58 is shown 
at E in FIGURE 7 and is preferably around three-eighths 
(3/8) inch (9.5 mm) thick or around two (2) times the 
thickness of disc 90. Generally, a thickness of base 80 
from around two (2) to four (4) times the thickness of 
insert or disc 90 will function satisfactorily. In order to 
minimize any drag resulting from blade 58 contacting 
casing 10, the material from which blade 58 is formed is 
of a mild steel having a Brinell hardness range of 



5 



9 



EP 0 266 864 B2 



10 



around one hundred forty-five (145) with an optimum 
Brinell hardness range of between around one hundred 
thirty (130) and one hundred sixty (160). The carbide 
discs 90 have a Rockwell A hardness of around eighty- 
five (85) to eighty-eight (88) which is around seven to 
nine times harder than the material from which blade 58 
is formed. For satisfactory results, it is believed that disc 
90 should be at least around three (3) times harder than 
blade 58. 

[0025] Casing 1 0 to be cut has a Brinell hardness of 
around two hundred (200) and carbide discs 90 are 
around five (5) times harder than casing 10. As a result 
of base 80 being formed of a material several times as 
soft as the carbide discs 90, the wear flat surface 
formed as base 80 is worn away generates a minimum 
of friction which permits minimum torque for rotation of 
drill string 12 and cutting tool 22. The spacing indicated 
at F in Figure 6 between blades 58 and 60 should be an 
amount sufficient to receive adequately the turnings or 
cuttings during the cutting operation generated by for- 
ward blade 58 with respect to the axis of rotation. A 
spacing F of around one-half (1/2) inch (12.5 mm) has 
been found to function effectively 
[0026] It is noted that discs 90 are provided adja- 
cent both inner side 58C of blade 58 as well as outer 
side 58D. Discs 90 adjacent inner side 58C are inoper- 
able during the cutting operation and are used only 
upon reversal of blade 58 after wear of outer side 58D. 
Blades 58 and 60 are reversed after removal of tiie cut- 
ting tool 22 from the well and inner sides 58C then 
become outer sides 58D. Blades 58 and 60 are 
reversed generally after around one (1) inch of wear. 
[0027] As a specific but non-limiting example, in 
which the embodiment of the present invention shown in 
FIGURES 1-10 was used to cut a casing forty-eight (48) 
inches (122 cm) in diameter and having a wall thid^ess 
of one and one-half (1-1/2) inches (3.8 cm), blades 58 
and 60 were arranged at angles A. B and C of around 
five (5) degrees. A torque of around five thousand 
(5000) foot pounds (6779 Nm) was utilized and a rota- 
tional speed of around 120 RPM was provided with fluid 
pressure of around 500-600 psi (3447 to 4137 KN/m^). 
Test results on several different cutting operations have 
been obtained for cutting a forty-eight (48) inch (122 
cm) diameter casing in less than one hour. 
[0028] While inserts 90 have been illustrated as 
cylindrical discs, it is to be understood that other shapes 
of inserts 90 would function satisfactorily such as 
inserts of a square, rectangular, or triangular shape, for 
example. It is desirable, however, that cutting inserts 
have parallel planar rear and front faces with circumfer- 
ential side surfaces between tiie parallel faces extend- 
ing at right angles to the parallel faces. 
[0029] Referring to FIGURES 11-13, another 
embodiment of a cutter arm forming the present inven- 
tion is shown which is particularly adapted for cutting 
multiple concenti-ic casing strings. Cutter arm 36A has 
an upper end portion 38F with an extension 44F ther- 



eon and a lower end portion 42R Blades 58F and 60F 
are mounted on the lower end of arm 36A by nut and 
bolt combinations 78F in a manner similar to arms 58 
and 60 of the enribodiment of FIGURES 1-10. Blades 

5 58F and 60F are not illustrated as being reversible but. 
if desired, blades 58F. 60F could be made reversible as 
in the embodiment of FIGURES 1-10. For cutting 
through multiple casing strings, cutter arm 36A must 
project outwardly a maximum amount and might 

10 engage more than one casing string simultaneously. For 
this purpose, it is desirable to have a substantial length 
of elongate cutter arm 36A provided with a cutting sur- 
face. 

[0030] As shown particularly in Figure 1 2, the outer- 

75 most surface 37B of elongate arm 36A has a leading 
row of carbide cutting elements or inserts illustrated as 
discs 90F along leading surtoce 37C and a generally 
parallel trailing row of discs 90F mounted on an inset 
seat 37D of surface 37B. Carbide discs 90F have tiieir 

20 outer planar faces extending at an angle G with respect 
to the direction of rotation which is the same as angle C 
of the embodiment of FIGURES 1-10 and provides a 
negative rake for contacting the adjacent casing string. 
Carbide discs 90F are identical to carbide discs 90 

25 shown in tiie embodiment off FIGURES 1-10. 

[0031] Referring to FIGURES 14-16. another 
emtxxiiment of the invention is illustrated for utilization 
particularly for cutting and milling casing within a well 
bore. The cutting and milling tool illustrated generally at 

30 22B is particularly adapted for cutting and milling a cas- 
ing section to form a "window" for removal of a predeter- 
mined lengtii of the casing. The cutting and milling tool 
22B includes expandable cutter arms 36B to move 
between expanded and retracted positions at selected 

35 depths and the tool is often referred to as a "section 
mill". A so-called section mill is particularly used in a 
sidetracking operation for sidetracking an existing bore 
hole. 

[0032] As shown in FIGURE 14, cutting and milling 
40 tool shown at 22B having a tubular cutter outer body 
24B and a central bore 26B which receives pressurized 
fluid from a surface location. Mounted witiiin tubular 
body 24B is a mandrel 92 having respective upper and 
lower nozzles 94 and 96 forming flow restrictions. An 
45 orifice ring 98 adjacent the upper end of mandrel 92 has 
a plurality of drcurrrferentially spaced orifices 100 to 
receive drilling fluid therethrough. A piston 102 is 
secured to the outer periphery of mandrel 92 for move- 
ment tiierewitii. A spring 104 is biased between a shoul- 
50 der 1 06 forming a stop on body 24B and a shoulder 1 08 
on piston 102 for continuously urging mandrel 92 to an 
upper position. 

[0033] Body 24B has a plurality of longitudinal 
extending slots 34B spaced about its circumference. 
55 Mounted in each slot 34B is a cutter arm 36B pivotally 
mounted about pivot pin 40B secured to body 24B. Cut- 
ter arm 36B has a cam surface 1 10 formed on its inner 
rear surface and upon downward movement of mandrel 
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92. the lower end of mandrel 92 engages cam surface 
110 to cam cutter arm 36B outwardly about pivot pin 
40B into cutting engagement with the adjacent casing. 
The inner periphery of the casing is first engaged in a 
cutting operation for horizontally cutting the casing and 
thereafter the upper annular end of the casing is pro- 
gressively milled or chipped away as is well known in 
the art for removal of a predetermined casing section. 
[0034] Referring now to FIGURES 15 and 16 in 
which cutter arm 36B is shown removed from milling 
tool 228, the radially outermost surface of cutter arm 
368 is shown at 112 and the leading surface of cutter 
arm 368 with respect to the axis of rotation is shown at 
114. Mounted on radially outermost surface 112 is a 
cutter blade generally indicated at 1 16 including a base 
1 18 having a leading planar face 120 and a rear trailing 
face 1 22 with respect to the axis of rotation of cutter tool 
228. Base 1 18 has a lower end surfece at 123. Rows of 
hard carbide cutting inserts or discs 124 are mounted 
on the planar leading face 120 of base 1 18 and form a 
leading planar cutting face for blade 116. Each disc 124 
is identical to the disc 90 shown in the embodiment of 
FIGURES 1-10. 

[0035] Blade 116 has its lower end 123 inclined 
reanwardly with respect to the axis of rotation and the 
upper end of blade 116. An angle A1 as shown in FIG- 
URE 16 illustrates the inclination of blade 116 and an 
angle A1 of between around three (3) degrees and five 
(5) degrees has been found to be optimum. An angle A1 
of between around one (1) degree and ten (10) degrees 
is believed to function satisfactorily and under certain 
conditions it is believed that an angle Al as high as 
twenty (20) degrees would function. Disc or insert 124 
has planar parallel rear and front faces with a circumfer- 
ential surface between the faces extending at right 
angles thereto and arranged at an angle 81 with respect 
to the transverse axis of elongate arm 368 which is of 
the same magnitude as angle Al . Thus, a negative rake 
is provided by lower end surface 123 and the leading 
planar cutting surface upon rotation of milling tool 22B. 
The thickness D1 of base 118 is around three-eighths 
(3/8) inch which is around twice the thickness of the 
associated discs 124 which is preferably around three- 
sixteenths (3/16) inch in thickness. Base 118 has a 
thickness preferably of around two (2) to four (4) times 
the thickness of the associated discs 1 24. The hardness 
of base 1 18 is similar to that for the embodiment shown 
in FIGURES 1-10. 

[0036] During the initial cutting operation, the radi- 
ally outermost edge of blade 116 engages the inner 
periphery of the adjacent casing to cut the casing wall 
thereat. After the casing wall has been cut, a desired 
section or length of casing is removed by progressively 
milling or chipping away of the upper annular end of the 
casing formed by the horizontal cut until the desired 
casing section has been removed. 
[0037] Referring now to FIGURES 17-20, an addi- 
tional embodiment of a so-called section mill of this 



invention is illustrated in which pivotaily mounted cutter 
arms are utilized with cutting blades and cutting inserts 
of the present invention. 

[0038] As shown in FIGURES 1 7 and 18, a mandrel 

5 or kelly is shown at 16C and has a central bore 18C. 
Mandrel 16C is adapted to be connected to a suitable 
drill string for operation and control from a surface loca- 
tion. A tubular cutter body is shown generally at 24C 
and has a central bore 26C receiving the lower end por- 

10 tion of mandrel 16C. Cutter body 24C is mounted for 
longitudinal axial movement relative to mandrel 16C. 
[0039] Mandrel 16C includes a lower annular noz- 
zle 126 forming a choke. A lower annular extension or 
enlargement 128 on mandrel 16C forms an outer annu- 

15 lar cam surface 130 thereon. An upper annular exten- 
sion or enlargement 132 on mandrel 160 forms a piston 
and has a lower shoulder 134 defining a stop for cutter 
body 240. A piston chamber 136 is provided above pis- 
ton or annular extension 132 and a flukJ port 138 sup- 

20 plies fluid to piston chamber 136 for upward relative 
movement of body 240 relative to mandrel 160 upon 
circulation of fluid pressure applied through bore 180 
from a surface location. Body 240 has an inner shoul- 
der 139 which provides an abutting surface for piston 

25 132 to act as a stop for the expanded position of cutter 
arms 360 shown in FIGURE 18. Likewise inner shoul- 
der 141 acts as a stop to limit the downward relative 
movement of body 240 in the retracted position of cutter 
arms 360 shown in FIGURE 17. 

30 [0040] Outter body 240 has a plurality of slots 340 
formed therein and cutter arms generally designated 
360 are mounted within slots 340 for pivotal movement 
akx)ut pivot pins 400. Outter arm 360 has an upper 
shank 140 and a lower blade head 142 thereon as 

35 shown particularly in FIGURES 19 and 20, a cam sur- 
face 143 is provided on the rear inner surface of arms 
360. Blade head 142 has a plurality of blades 144 ther- 
eon arranged in generally parallel relation to each other 
and spaced from each other around three-fourths (3/4) 

40 inch, for example. Each blade 144 has a base 145 hav- 
ing a trailing rear face 146 and a leading front face 148. 
The lower ends of blades 144 are shown at 150 and 
form a lower end surface for riding along the upper 
annular end of a casing to be milled or chipped away 

45 progressively from the casing end. Rows of staggered 
inserts or discs 154 are mounted on the front planar 
leading face 1 48 of each blade 144 and define a leading 
planar cutting surface at 156 and a lower cutting edge or 
surface along the lower end surface 150 of blades 144. 

50 Blades 1 44 and inserts 1 54 are identical in dimension to 
corresponding discs and blades set forth for the embod- 
iment of FIGURES 1-10. Likewise, angles A2 and 82 
shown on FIGURE 20 are identical to angles A and 8 for 
the embodiment of FIGURES 1-10. The leading planar 

55 cutting surface 156 formed by discs 154 is arranged at 
an angle A2 with respect to the longitudinal axis of cut- 
ting tool 220. Each insert or disc 154 has an outer cylin- 
drical surface which presents an annular cutting edge 
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extending at angle B2 with respect to the transverse 
axis of cutting arm 36C as set forth in the embodiment 
of FtGU RES 1 -1 0 for disc 90. Angle B2 is equal to angle 
A2 and provides a negative rake resulting from a tilting 
of the planar leading surface 148 of associated blade 5 
144 

[0041] In operation for the embodiment shown in 
FIGURES 17-20, during the run-in of nnandrel 16C. cut- 
ter arms 36C are in the position shown in FIGURE 1 7 as 
fluid pressure in bore 18C is dampened. When desired 10 
to expand arms 36C, circulation fluid pressure is applied 
to bore 18C and fluid pressure through port 138 to fluid 
chamber 136 moves body 24C to the position of FIG- 
URE 18 relative to mandrel 16C in which shoulder 139 
contacts piston 132. Upon such upward movement of is 
body 24C, cam surface 130 on mandrel 16C engages 
inner cam surface 143 on arm 36C and cam arm 36C 
radially outwardly to the expanded cutting position 
shown in FIGURE 18. In this position, cutter arms 36C 
are locked in place and stay in locked position as long 20 
as fluid pressure or drilling weight Is applied. To return 
cutter arms 36C to retracted position as shown in FIG- 
URE 17. fluid pressure may be reduced and mandrel 
16C raised. In this position, cam surface 130 on man- 
drel 16C will be moved upwardly relative to cooperating 25 
cam surface 143 on arm 36C and arm 36C will return to 
the position shown in FIGURE 17. Thus, circulation 
pressure of the fluid is employed only to move cutter 
arms 36C to an open expanded position and the drilling 
weight maintains cutter arms 36C in an open position. 30 
There is no requirement for a continuous or constarrt 
fluid pressure from a fluid pump. Further, there are no 
springs employed for urging the cutter arms outwardly 
or for the return of the cutter arms to a retracted position 
as the arms can be retracted merely by a lifting of man- 35 
drel 16C. 

[0042] It is to be understood that the cutting inserts 
Illustrated for all of the embodiments of this invention 
may be of a shape other than a cylindrical shape as 
shown specifically in the drawings and yet function in a 40 
satisfactory manner. For example, inserts of a square, 
rectangular, or triangular shape would function ade- 
quately. It is desirable, however, that such cutting inserts 
have generally parallel front and rear planar faces with 
the circumferential side surfaces between the parallel 45 
faces extending at right angles to the faces. 
[0043] While several embodiments of the present 
Invention have been Illustrated In detail. It is apparent 
that modifications and adaptations of the embodiments 
shown will occur to those skilled in the art. However, it is so 
to be expressly understood that such modifications and 
adaptations are within the spirit and scope of the 
present invention as set forth in the following claims. 

Claims 55 

1 . a cutting tool (22) mounted for rotation within a well 
for cutting a casing (10) therein during rotation and 



comprising: 

a tubular cutter body (24) having a longitudi- 
nally extending slot (34) therein and adapted to 
be connected to a well string (1 2) for being low- 
ered within a well and being surrounded by 
casing (10) to be cut; 

an elongate cutter arm (36) received within 
said slot (34) and having cutting means adja- 
cent its lower end; 

means (40) on the cutter body (24) mounting 
the upper end portion of said cutter arm (36) in 
said slot (34) for pivotal movement to permit the 
outward swinging movement of said cutting 
means Into cutting contact with the inner 
periphery of the adjacent casing (1 0) to be cut; 
and 

means (28) associated with said cutting tool 
and selectively actuated at a predetermined 
well depth to move the lower end of the arm 
outwardly for said cutting means to engage the 
casing in a cutting operation; and characterised 
in that said cutting means Includes a pair of 
substantially similar cutting blades (58, 60) 
mounted in parallel relation, each blade (58, 
60) being inclined reanvardly with respect to 
the rotational axis of said cutting tool (22). with 
said cutting means including at least one base 
(80) having a leading surface (82) with respect 
to the rotational axis of said cutting tool (22) 
during the cutting operation; and 
a plurality of cutting inserts (90) of a predeter- 
mined size and shape are secured in a prede- 
termined pattern to said leading surface (82) of 
said base (80), each of said cutting inserts (90) 
having an exposed front cutting face (90A), an 
opposed rear face (90B) secured to said lead- 
ing surface (82) of said base (80). and a periph- 
eral sharp cutting edge (90D) at the juncture of 
the peripheral surface (90C) and front face 
(90A) with successive cutting inserts (90) and 
cutting edges (90D) bemg arranged to continu- 
ally contact the inner periphery of the casing 
(10) and to cut through the casing (10) as said 
cutter arm (36) swings outwardly; 
said cutting inserts (90) being positioned In 
closely spaced side-by-side relation to each 
other on the leading surface (82) of the cutting 
means in a plurality of closely spaced parallel 
rows extending generally outwardly from the 
axis of rotation and in a plurality of closely 
spaced parallel rows extending generally along 
the axis of rotation, with the front faces (90A) 
and associated cutting edges (90D) of the low- 
ermost cutting inserts defining a lower gener- 
ally continuous cutting surface which is 
progressively worn away during the cutting 
operation. 
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2. A cutting toot (22) as claimed in claim 1 , wherein 
said plurality of inserts (90) are formed of a hard 
carbide material and have outer surfaces which are 
continuously presented to the casing being cut as 
the cutting operation progresses. 

3. A cutting tool (22) as claimed in claim 1 , wherein 
said blades (58, 60) are of generally rectangular 
cross section to define a front leading face (82) and 
a rear trailing face (84) extending in parallel relation 
to said leading face (82). said blades (58, 60) 
extending both outwardly and inwardly of said arm 
(36) in a general symmetrical relation to said arm; 
and wherein said 

plurality of hard carbide inserts (90) on said 
leading face of said blades (58, 60) form a pla- 
nar cutting surfeice outwardly of said arm. 

4. A cutting tool (22) as claimed In claim 3, wherein 
the rear trailing face (84) of said blades (58, 60) has 
a plurality of hard carbide inserts (90) mounted 
thereon on the side thereof inwardly of said arm 
(36) to define a planar cutting surface thereon; and 
wherein 

means (78) mount said blades (58, 60) on said 
arm (36) for removal whereby said blades (58, 
60) upon their leading faces (82) being worn 
may be removed and reversed thereby to con- 
vert the original trailing faces (84) to leading 
faces for forming the cutting surface. 

5. A cutting tool (22) as claimed in claim 1 wherein the 
lower cutting edge (SOD) of each cutting insert (90) 
has a generally arcuate lowernrK)st portion prior to 
wear. 

6. A cutting tool (22) as claimed in claim 5, wherein 
each of said cutting Inserts (90) comprises a gener- 
ally cylindrically shaped cutting insert prior to wear. 

7. A cutting tool (22) as claimed in claim 1 , wherein 
the exposed cutting face (90A) of each cutting ele- 
ment (90) is a planar surface in a plane inclined 
reanwardly from the upper end of the blade (58, 60) 
an amount between around one (1) degree and 
twenty (20) degrees with respect to the axis of rota- 
tion of said cutting tool. 

8. A cutting tool (22) as claimed in claim 1 , wherein 
said means to move the lower end of the arm out- 
wardly includes fluid operated means (46) which 
are movable downwardly to an extended position 
upon a predetermined fluid pressure being reached 
within the tubular cutter body (24) to cam the lower 
end of said arm outwardly. 



9. A cutting tool (22) as claimed in claim 8, wherein 
spring means (48) returns said fluid operated 
means (46) to a retracted position upon a reduction 
in fluid pressure within said tubular cutter body (24). 

5 

10. A cutting tool as claimed In claim 1 wherein the cut- 
ter arm (36) has a leading side (37C) in the direc- 
tion of rotation for said cutting surface and an outer 
side (37B) adjacent the inner periphery of the tubu- 

10 lar member for forming a cutting surface at the junc- 
ture of the leading (37C) and outer (37B) sides; 

a plurality of cutting elements (90F) extend Ion- 
gitudinaily of the elongate arm (36) in a longitu- 
15 dinal row for a major portion of the length of 

said elongate arm along the juncture of the 
leading side (37C) and outer side (37B) of said 
elongate cutter arm (36) to define said cutting 
surface; and 

20 a plurality of cutting elements (90F) adjacent 

the lower end of said elongate arm (36) extend 
generally transversely of the elongate arm in a 
generally transverse row for forming an addi- 
tional cutting surface. 

25 

11 . A cutting tool as claimed in claim 1 0, wherein a sep- 
arate blade (58F, 60F) is mounted on the lower end 
of said elongate arm (36) and has said generally 
transverse row of cutting elements thereon. 

30 

12. A cutting tool as claimed In claim 10, wherein the 
radial outermost side (37B) of said elongate arm 
(36) has a stepped elongate surface (37D) thereon 
extending in a generally parallel relation to said lon- 

35 gitudinaily extending row of cutting elements (90F), 
and a second longitudinally extending row of cutting 
elements (90F) is mounted on said stepped elon- 
gate surface (37D). 

40 13. A cutting tool as claimed in claim 10, wherein each 
of said cutting elements (90F) has, prior to wear, a 
generally arcuate lowermost portion. 

14. A cutting tool as claimed in claim 13, wherein each 
45 of said cutting elements (90F) is of a generally 
cylindrical shape. 

Patentanspruche 

50 1 . FrSswerkzeug (22), das in einem Bohrloch rotierbar 
montiert ist, zum Schneiden einer Verrohrung (10) 
unter Rotation, umfassend: 

einen rohrfOrmigen SchneidkOrper (24) mit 
55 einem Ldngsschlitz (34), der geeignet ist, mit 

einem Bohrlochseil (12) vertxjnden zu werden. 
um in ein Bohrloch abgesenkt zu werden, und 
der von der zu schneidenden Verrohrung (10) 
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umgeben ist; 

einen verldngerten Schneidarm (36). der von 
dem Schlitz (34) aufgenommen wird und der im 
Bereich seines unteren Endes Schneiden auf- 
weist; 

Mittet (40) am Schneidkdrper (24) zur 
schwenKbeweglichen Befestigung des oberen 
Endes des Schneidarme (36) im Schlitz (34), 
urn eine SchwenMaewegung der Schneiden 
nach auQen zu ermfiglichen, die sie in 
Schneidkontakt mit der Inneren Peripherie der 
aniiegenden zu schneidenen Verrohrung (10) 
bringt; 

und mit dem Frdswerkzeug verbundene Mittet 
(28), die selektiv in einer bestimmten Bohrloch- 
tiefe betdtigt werden, das untere Ende des 
Arms nach auBen zu bewegen, urn auf die Ver- 
rohrung schneidend einzuwirken, 
dadurch gekennzeichnet, daB die Schneidmlt- 
tel ein Paar von im wesentlichen dhnllchen 
Schneidklingen (58, 60) umfassen, die parallel 
zueinander montiert sind, wobei jede Klinge 
(58, 60) in Bezug auf die Rotationsachse des 
Frdswerkzeugs (22) nach hinten geneigt ist 
und wobei die Schneidmittel wenigstens einen 
FuB (80) umfassen, der eine FQhrungsfldche 
(82) in Bezug auf die Rotationsachse des Frds- 
werkzeugs (22) wdhrend des Schneidvorgangs 
aufweist, 

und daB eine Vielzahl von Schneideinsdtzen 
(90) bestimmter GrdBe und Form in einem 
bestimmten Muster auf der Fuhrungefidche 
(82) des FuBes (80) befestigt ist, wobei jeder 
Schneideinsatz (90) eine exponierte Front- 
schneidfldche (90A) aufweist. eine entgegen- 
gesetzte Ruckseite (90B), die an der 
Fuhrungsfldche (82) des FuBes (80) befestigt 
ist. und eine periphere scharfe Schnelde (90D) 
besitzt, die sich an der Verbindungsstelle der 
peripheren Oberfiache (90C) und der Front- 
seite (90C) befindet und aufeinanderfolgende 
Schneideinsdtze (90) und Schneiden (90D) 
aufweist. die so angeordnet sind, daB sie die 
innere Peripherie der Verrohrung (10) kontinu- 
ierlich kontaktieren und durch die Verrohrung 
(10) hindurchschneiden, wenn der Schneidarm 
(36) nach auBen schwingt, 
wobei die Schneideinsdtze (90) dicht neben- 
einander auf der FQhrungsfldche (82) der 
Schneidmittel in einer Vielzahl von dicht paral- 
lel nebeneinander angeordneten Reihen ange- 
ordnet sind, die sich im allgemeinen von der 
Rotationsachse nach auBen erstrecken und in 
einer Vielzahl von dicht nebeneinander parallel 
angeordneten Reihen angeordnet sind, die 
sich im wesentlichen entlang der Rotations- 
achse erstrecken, wobei die Frontf lichen (90A) 
und die zugehdrigen Schneiden (90D) der 



untersten Schneideinsdtze eine untere, im 
wesentlichen kontinulerliche Schneidfldche 
definieren, die sich wdhrend des Schneidvor- 
gangs fbrtschreitend abnutzt. 

5 

2. Frdswerkzeug (22) nach Anspruch 1, dadurch 
gekennzeichnet. daB die genannte Vielzahl von 
Einsatzen (90) aus einem harten Karbidmaterial 
bestehen und duBere Oberf lachen haben, die kon- 

10 tinuierllch die Verrohrung kontaktieren, die 
geschnitten wird, wdhrend der SchneidprozeB fort- 
schreitet. 

3. Frdswerkzeug (22) nach Anspruch 1, dadurch 
75 gekennzeichnet, daB die Schneidklingen (58, 60) 

einen Im wesentlichen rechteckigen Querschnitt 
aufweisen und eine vordere FQhrungsfldche (82) 
und eine hintere Nachlauff Idche (84) definieren, die 
sich parallel zu der FQhrungsfldche (82) erstrecken, 

20 wobei sich beide Klingen (58, 60) nach auBen und 
innen vom Arm (36) in einer im wesentlichen sym- 
metrischen Anordnung zum Arm erstrecken, wobei 
die harten Karbideinsdtze (90) auf der FQhrungsfld- 
che der Schneiden (58, 60) eine von dem Arm nach 

25 auBen gerichtete, ebene Schneidf Idche bikJen. 

4. Frdswerkzeug (22) nach Anspruch 3, dadurch 
gekennzeichnet, daB die hintere Nachlauffldche 
(84) der Schneiden (58, 60) eine Vielzahl von har- 

30 ten Karbideinsdtzen (90) aufweist, die auf der von 
dem Arm (36) nach innen gerichteten Seite befe- 
stigt sind und eine ebene Schneidoberfldche defi- 
nieren. 

wobei Mittel (78) die Klingen (58, 60) auf dem Arm 
35 (38) abnehmbar befestigen. so daB die Klingen (58, 
60), wenn sie auf ihren Fuhrungsfldchen (82) abge- 
nutzt sind, entfernt werden k6nnen, wodurch die 
ursprungliche Nachlauffldche (84) zur FQhrungsfld- 
che unter Bildung der Schneidf Idche wird. 

40 

5. Frdswerkzeug (22) nach Anspruch 1, dadurch 
gekennzeichnet, daB die untere Schnekle (90D) 
jedes Schnekjeinsatzes (90) einen im wesentlichen 
bogenfOrmigen untersten Teil vor der Abnutzung 

45 aufweist. 

6. Frdswerkzeug (22) nach Anspruch 5, dadurch 
gekennzeichnet, daB jeder Schnekdeinsatz (90) im 
allgemeinen vor der Abnutzung zylindrisch gefbrmt 

50 1st. 

7. Frdswerkzeug (22) nach Anspruch 1, dadurch 
gekennzeichnet, daB die exponierte Schneidfldche 
(90A) jedes Schneidelements (90) eine plane Fld- 

55 che in einer FIdche ist, die vorn oberen Ende einer 
Klinge (58, 60) um einen Winkel zwischen etwa 
einem (1) Grad und 20 Grad nach hinten in Bezug 
auf die Rotationsachse des Frdswerkzeugs geneigt 
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ist. 

8. Frdswerkzeug (22) nach Anspruch 1, dadurch 
gekennzeichnet, da6 die Mittel zur Bewegung des 
unteren Endes des Arms nach auBen Hydraulikmit- s 
tel (46) umfassen, die in eine verldngerte Position 
be! einem bestimmten Flussigkeitsdruck nach 
unten bewegbar sind, der innerhalb des rOhrenfOr- 
migen Schneidkdrpers (24) erreicht wird, um das 
untere Ende des Arms nach auBen zu bewegen. io 

9. Frdswerkzeug (22) nach Anspruch 8. dadurch 
gekennzeichnet, da6 Federvorrichtungen (48) die 
hydraulisch betrlebenen Mittel (46) bei Reduzle- 
rung des Flussigkeitsdrucks innerhalb des rflhren- is 
ffirmigen Schneidkdrpers (24) in eine 
zuruckgezogene Position zuruckbewegen. 

10. Frdswerkzeug nach Anspruch 1, dadurch gekenn- 
zeichnet, daB der Schneidarm (36A) eine FQh- 20 
rungsseite (370) in Retationsrichtung fOr die 
Schneidoberfiache und eine AuBenseite (37B) hat, 

die der inneren Peripherie des rfihrenffirmigen Tells 
zur Bildung einer Schneidfldche an der Verfoin- 
dungsstelle der Fuhrungsfidche (37C) und der 25 
duBeren Seite (37B) benachbart ist. und daB eine 
Vietzahl von Schneidelementen (90F) sich Idngs 
des verldngerten Arms (36A) in einer Ldngsreihe 
Qber einen grOBeren Tell der Ldnge des Arms ent- 
lang der Verbindung der FuhrungsflSche (37C) und 30 
der auBeren Seite (37B) des verlSngerten Schneid- 
arms (36A) erstreckt, um die Schneidf Idche zu defi- 
nieren. 

und daB eine Vielzahl von Schneideiementen 3S 
(90F) nahe dem unteren Ende des verianger- 
ten Arms (36A) sich im wesentlichen quer zum 
verldngerten Arm in einer im wesentlichen quer 
verlaufenden Reihe zur Bildung einer zusdtzli- 
Chen Schneidfldche erstreckt. 40 

11. Frdswerkzeug nach Anspruch 10, dadurch gekenn- 
zeichnet, daB eine separate Klinge (58F, 60 F) auf 
dem unteren Ende des verlflngerten Arms (36A) 
befestigt ist, die die im wesentlichen quer verlau- 4S 
fende Reihe der Schneidelemente trdgt. 

12. Frdswerkzeug nach Anspruch 10, dadurch gekenn- 
zeichnet. daB das duBere radiale Ende (378) des 
verldngerten Arms (36) eine abgestufte Idngliche so 
Oberfiache (37D) hat, die sich im wesentlichen par- 
allel relativ zu der sich longitudinal erstreckenden 
Reihe von Schneidelementen (90F) erstreckt, und 
daB eine zweite sich longitudinal erstreckende 
Reihe von Schneidelementen (90F) auf der abge- ss 
stuften Idnglichen Oberlldche (37D) angebracht ist. 

13. FrSswerkzeug nach Anspruch 10, dadurch gekenn- 



zeichnet, daB jedes Sohneidelement (90F) vor der 
Abnutzung einen im allgemeinen bogenfdrmigen 
untersten Teil hat. 

14. Frdswerkzeug nach Anspruch 13. dadurch gekenn- 
zeichnet, daB jedes Schneidelement (90F) im allge- 
meinen eine zylindrische Form hat. 

Revendications 

1. Outil de coupe (22) mont^ en vue d'une rotation k 
I'int^rieur d'un puits, destine k couper un tubage 
(10) dans celui-ci durant la rotation et comprenant : 

un corps d'outil de coupe tubulaire (24) com- 
portant une fente s'^tendant longitudinalement 
(34) dans celui-ci et congu pour §tre reli6 k un 
train de forage de puits (12) destine k §tre 
abalssd k llnt^rleur d*un puits et 6tant entour^ 
d'un tubage (10) devant §tre coup6, 
un txas de dispositif de coupe allonge (36) regu 
a I'int^rieur de ladite fente (34) et comportant 
des moyens de coupe adjacents k son extr6- 
mrt6 inf^rieure. 

un moyen (40) sur le corps d'outil de coupe 
(24) de montage de la partie d'extr^mit^ supk- 
rieure dudit bras d'outil de coupe (36) dans 
ladite fente (34) en vue d'un mouvement de 
pivotement en vue de permettre le mouvement 
de basculement vers Text^rieur dudit moyen de 
coupe jusqu'en contact de coupe avec la p^ri- 
ph^rie int^rieure du tubage adjacent (10) 
devant §tre coup6, et 

un moyen (28) associ^ audit outil de coupe et 
actionn^ de fagon selective k une profondeur 
de puits jprkdkX&rmnke af in de d^placer I'extrd- 
mXk inf ^rieure du bras vers Text^rieur de fagon 
que ledit moyen de coupe vienne en contact 
avec le tubage dans une operation de coupe, et 
caract^ris^ en ce que ledit moyen de coupe 
comprend une paire de lames de coupe prati- 
quement similaires (58, 60) mont^es en rela- 
tion parall^le, cheque lame (58. 60) 6tant 
indin^e vers Tarri^re par rapport k I'axe de 
rotation dudit outil de coupe (22). ledit moyen 
de coupe comprenant au moins une base (80) 
pr^sentant une surface avant (82) par rapport k 
Taxe de rotation dudit outil de coupe (22) 
durant t'op^ratlon de coupe, et 
une plurality de plaquettes de coupe (90) d'une 
tailte et d'une forme pr^^termin^es sont 
fix6es suivant un agencement pr^^termin^ 
sur ladite surface avant (82) de ladite base 
(80), chacune desdites plaquettes de coupe 
(90) pr^entant une face de coupe avant expo- 
s^e (90A), une face arri^re oppos^e (908) 
fix^e k ladite surface avant (82) de ladite base 
(80), et une arkte coupante p6riph6rique vive 
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(90D) k la jonction de la surface p^riph^rique 
(90C) et de la face avant (90A). tes plaquettes 
de coupe (90) et les ardtes coupantes (90D) 
successives 6karrt dispos^es de faQon k venir 
en contact de fagon continue avec la p^riph^rie 5 
int^rieure du tubage (10) et k couper k travers 
le tubage (10) lorsque ledit bras d'outil de 
coupe (36) bascule vers Text^rleur, 
lesdites plaquettes de coupe (90) 6tant posi- 
tionn^es en relation 6troite espac^es cOte k 10 
cdte Tune de i'autre sur la surface avant (82) du 
moyen de coupe suivant une plurality de ran- 
g^es parall^les ^oitement espac^es s'^ten- 
dant sensiblement vers I'ext^rieur k partir de 
Taxe de rotation et suivant une plurality de ran- is 
g^es parall^les 6troitement espac6es s'6ten- 
dant sensiblement le long de I'axe de rotation, 
les faces avant (90A) et les ar§tes coupantes 
associ^es (90D) des plaquettes de coupe les 
plus basses d^inissant une surface de coupe 20 
inf^leure sensiblement continue qui est pro- 
gressivement us^e durant {'operation de 
coupe. 

Outil de coupe (22) selon la revendication 1, dans 25 
lequel ladite plurality de plaquettes (90) sont for- 
m^es d'un mat^riau de carbure dur et pr^entent 
des surfaces ext^rieures qui sont pr^sent^es de 
fagon continue au tubage devant §tre coup6 k 
mesure que Top^ration de coupe avance. 30 

Outil de coupe (22) selon la revendication 1, dans 
lequel lesdites lames (58, 60) sont de section trans- 
versale sensiblement rectangulaire pour d6f inir une 
face menante avant (82) et une face traTnante 35 
arri^re (84) s'^endant en relation parall^le k ladite 
face menante (82), lesdites lames (58, 60) s'^ten- 
dant k la fois vers I'ext^rieur et vers I'int^rieur dudit 
bras (36) dans une relation g6n6ralement sym^tri- 
que par rapport audit bras, et dans lequel ladite plu- 40 
ralit^ de plaquettes de carbure dur (90) de ladite 
fece menante desdites lames (58, 60) torment une 
surface de coupe plane vers I'ext^rieur dudit bras. 

Outil de coupe (22) selon la revendication 3, dans 45 
lequel la face traTnante an'i^e (84) desdites lames 
(58, 60) pr^sente une plurality de plaquettes de 
cartxjre dur (90) mont^es sur celle-ci sur le cdt6 de 
celle-ci k Tint^rieur dudit bras (36) afin de d^finir 
une surface de coupe plane sur celle-ci, et dans so 
lequel 

des moyens (78) de montage desdites lames 
(58. 60) sur tedit bras (36) en vue d'un enleve- 
ment, grdce k quoi lesdites lames (58. 60), ss 
lorsque teurs faces menantes (82) sont us^es, 
sont enlev^es et invers^es pour convertir ainsi 
les feces traTnantes d'origine (84) en faces 



menantes en vue de former la surface de 
coupe. 

5. Outil de coupe (22) selon la revendication 1 . dans 
lequel le bord de coupe inf^rieur (90D) de cheque 
plaquette de coupe (90) pr^sente une partie la plus 
inf^rieure sensiblement arqu6e avant I'usure. 

6. Outil de coupe (22) selon la revendication 5, dans 
lequel chacune desdites plaquettes de coupe (90) 
comprend une plaquette de coupe de forme sensi- 
blement cylindrique avant I'usure. 

7. Outil de coupe (22) selon la revendication 1 , dans 
lequel la face de coupe expos^e (90A) de chaque 
^6ment de coupe (90) est une surface plane dans 
un plan incline vers Tarri^re k partir de Textr^mit^ 
sup^rieure de la lame (58, 60) d'une quantity entre 
environ un (1) degr^ et vingt (20) degr^s par rap- 
port k I'axe de rotation dudit outil de coupe. 

8. Outil de coupe (22) selon la revendication 1 , dans 
lequel ledit moyen destine k d^placer I'extr^mit^ 
inf^rieure du bras vers Text^rieur comprend des 
moyens actionn^s par un fluide (46) qui peuvent 
§tre d§plac^ vers le bas vers une position Vendue 
lorsqu'une pression de fluide pr^^termin^e est 
atteinte k llnt^rieur du corps d'outil de coupe tubu- 
laire (24), pour entraTner rextr6mit6 inf^ieure dudit 
bras vers I'ext^rieur. 

9. Outil de coupe (22) selon la revendication 8, dans 
lequel un moyen de ressort (48) ramdne lesdits 
moyens actionn^s par un fluide (46) k une position 
r^tract^e lors d'une r^uction de la pression de 
fluide k rint^rieur dudit corps d'outil de coupe tubu- 
iaire (24). 

10. Outil de coupe selon la revendication 1. dans lequel 
le bras d'outil de coupe (36) pr^sente un cdt6 avant 
(37C) dans le sens de rotation de ladite surface de 
coupe et un cdt6 ext^rieur (37B) adjacent k la p^ri- 
ph^rie int6rieure de I'^l^merrt tubulaire en vue de 
former une surface de coupe k la jonction des cdt^ 
avant (370) et ext^rieur (37B), 

une plurality d'^l^ments de coupe (90F) s'6ten- 
dent de fagon longitudinale au bras allonge 
(36) suivant une rang^e longitudinale sur une 
partie principale de la longueur dudit bras 
allonge le long de la jonction du cdte avant 
(37C) et du cdte exterieur (37B) dudit bras 
d'outil de coupe allonge (36) afin de definir 
ladite surface de coupe, et 
une pluralite d'eiements de coupe (90F) adja- 
cents k I'extremite inferieure dudit bras allonge 
(36) s'etendent de fagon sensiblement trans- 
versale k I'artre allonge suivant une rangee 
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sensiblement transversale en vue de former 
une surface de coupe suppi^mentaire. 

11. Outil de coupe selon la revendication 10, dans 

lequel une lame s6par6e (58F, 60F) est mont6e sur 5 
Textr^mit^ inf^rieure dudit bras allonge (36) et com- 
porte ladite rang^e sensiblement transversale 
d'6l6ments de coupe sur celle-ci. 

12. Outil de coupe selon la revendicatlon 10. dans io 
lequel le c5t6 radial le plus k I'ext^rieur (37B) dudit 
bras allonge (36) pr^sente une surface allong^e 
^tag^e (37D) sur celui-d s'^tendant suivant une 
relation sensiblement parall^le k ladite rang^e 
s'^tendant longitudinalement d'6l6ments de coupe 75 
(90F), et une seconde rang^e s'^tendant longitudi- 
nalement d'^l^ments de coupe (90F) est mont6e 
sur ladite surface allong^e 6tag6e (37D). 

13. Outil de coupe selon la revendicatlon 10. dans 20 

lequel chacun desdits ^l^ments de coupe (90F) 
comporte, avant Tusure. une partie la plus basse 
sensiblement arqu^e. 

14. Outil de coupe selon la revendicatlon 13, dans 25 
lequel chacun desdits ^6ments de coupe (90F) est 
d'une forme sensiblement cylindrique. 



30 



35 



40 



45 



50 



55 



13 



EP 0 266 864 B2 



If 
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